The Class 2 alkaline-chromate process did not blacken the 300 series stainless steels. Class 3 and Class 4 processes did. The mild steel control panels, coated and uncoated, failed the silt spray test in one hour. The electrodeposited coating failed in three to four hours. Freshly abraded c'ntrol stainless steel panels 302, 310 and 321 were without rust after 500 hours. Proprietary coatings A-1 and B applied to freshly abraded 302 and 310 series stainless steel panels were without rust after 500 hours. On the 321 series stainless steel panels, initial rust was noted on Coating A-1 after 165 hours and on Coating B after 141 hours.
The 300 series stainless steels specimens coated with the type 3 (molten dichromate process) failed in the salt spray test in one hour.
INTRODUCTION
Military Specification, "Coating, Oxide, Black, for Ferrous Metals," MIL-C-13924A, dated 26 December 1956, covers black oxide coatings applied to ferrous metals (wrought Jr% n:
yaon, low alloy, and corrosion resistant steels).
,, , 1 Black sulfide coatings are not included in this specification.
The black oxide coating processes are classified as follows:
Class 1 -Alkaline oxidizing process (for wrought iron, plain carbon, and low alloy steels) Class 2 -Alkaline-chromate oxidizing process (for corrosion resistant steels) Class 3 -Fuzed salt oxidizing process (for all grades corrosion resistant alloy and carbon steels having a draw temperature above 9000F.)
This standardization project was concerned with the following problem:
The Class 3 process for corrosion resistant steels utilizes molten dichromate (Na2Cr2O7) at 760 0 F. in the blackening of these steels. This is a hazardous operation, and it is difficult for the Department of the Army to locate contractors who are willing to use it. As a result, it was brought to the attention of the Department of the Army that a low temperature, commercially available blackening material had been used to produce satisfactory black coatings on corrosion resistant steels. Commercial samples of these materials were obtained; baths were prepared, and several types of steel specimens were p-ocessed. The coat 4 -gs were comparatively evaluated for resistance to corrosion in the salt spray test. A revision 
PROCEDURE AND RESULTS
The materials used in the tests, their treatment, and the results of the salt spray tests are listed below as follows:
Materials
Mild carbon steel panels, 2" X 3" X 1/16", SAE #1020. Austenitic stainless steel panels, 2" X 4"' X 1/81Y, 'ISI #302: 2" X 3" X 1/16", #310, and #321 Martensitic stainless steel; Ml, gas cylinders, AISI #410. The chemical composition of the steels is shown in Table   These items were sandblasted to renew the surface, and cleaned in an alkaline derust MIL-C-14460 Type 2 solution with periodic reversal of current. After a hot and cold water rinse, they were blown dry with air.
Treatments
Process #1 -Controls. Representative items of the above were selected as controls.
Process #2 -(MkFsivation). The clean items were treated as outlined in Table V 
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(e) Rinse in clean hot water.
(f) Rinse in hot (1600 to 2100F.) aqueous solution maintained at pH 3 to pH 5 by the addition of flake chromic acid or proprietary mixture of chromic and phosphoric acids. Proprietary compound A was then applied as outlined in the following processing procedure:
Immerse the parts in a commercial type alkali cleaner in the recommended proportions and operating temperature for sufficient time to produce a chemically clean surface.
(An alkaline derust method was used).
(b) Rinse in clean, running water.
(c) Imerse the parts in a 50% muriatic acid solution (50% by volume acid to 501% by volume water) for 5 minutes. (This is an alkalinitrate salt mixture which is mixed with sufficient water to make a black passivating solution with a boiling point of 2550 -2600F.)
Immersion time shall be of sufficient duration to produce a uniform black finish. Process #4 -(Code B). Proprietary compound B was applied as outlined in the processing procedure of the supplier for blackening stainless steel, plain steel, nickel alloys, invars, monels, cast and malleable iron. The items were immersed for 1 to 1-1/2 minutes in an activator bath containing 3 lbs. of crystalline material per gallon maintained at 180°F. The items were removed, rinsed in water and placed in the blackening bath con-taining 4.5 to 5.0 lbs. per gallon maintained at 2500 to 255 0 F. for 30 minutes. They were removed, rinsed thoroughly in water, and dried with air.
Process #5 -(MIL-C-13924 Class 2).
The cln items were blackened by the alkaline chromate process outlined in Spec. MIL-C-13924A, Class 2, operated at 290 0 F. for a period of 30 minutes. They were removed, rinsed thoroughly and dried with air.
Process #6 -(MIL-C-13924 Class 3). The clean items were blackened by the fuzed salt oxiuizing process (NagCr207) outlined in Spec. MIL-C-13924A, Class 3 at 7000 to 760 F. for 30 minutes. The process is described in MIL-HDBK-205. ( 8 ) Process #7 -(Black chromium electrodeposit). The clean items were coated for 30 minutes with electrodenosited, black chromium as outlined in Spec. MIL-P-14538(ORD).t 11 11)
The items with the above finishes were subjected to the 5% salt spray test outlined in Fed. Test Method Std. No. 151a, Method 811.1, dated 6 May 1959. They were comparatively evaluated. The surface treatment of the items, the rust ratings, and the hours in test are shown in Table II . Table II shows that the mild steel panels (1020) given treatments 1 through 6 failed after one (1) hour of salt spray exposure. Treatment 7, however, afforded from 3-4 hours protection. The condition of the panels after exposure is shown in Figure 1 . Table II shows that the treated series 300 alloy steels were of similar corrosion resistance within the group. The Class 2 process did not produce a coating. The condition of the panels after exposure is shown in Figures 2, 3 and 4 , respectively.
The coatings on the M1, gas cylinders, #410 (1 through 6) failed to afford protection after one (1) hour ,exposure. Treatment 7 afforded from 6 to 10 hours of protection. The condition of the cylinders after exposure is shown in Figure 5 . " Soon after the above tests were completed the supplier of Compound A, in view of the adverse findings, submitted samxple A-1, a revised formulation.
In order to evaluate this sample, the following procedure was established. Mild steel panels of #1020 and corrosion resistant panels of #;02, #310, and #321 were resurfaced, first with #150 and fiLvally with #240 grit aluminum oxide cloth. The panels were vapor degreased in trichloroethylene and placed in a desiccator. New pickle, activator, and blackening baths Figure 5 
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were used prior to processing the freshly abraded panels. In order to evaluate the corrosion resistance of the proprietary coatings the following comparative procedure was established. Three (3) sets of panels were prepared in duplicate:
One (I) set of physically abraded panels were used as controls. The second (2) set was blackened with Compound A-I. The third (3) set was blackened with Compound B. The control and the two blackened sets were simultaneously placed in the salt spray (fog) cabinet.
The panels were inspected periodically and the following observations were noted. They are shown in Table II , as test 2.
Set 1, Controls. The mild steel panels, 1020, were about 90-95% rusted after one hour. The stainless steel panels #302, #310 and #321 were without rust after 500 hours.
Set 2, Blackened with Compound A-1. The mild steel panels, 1020, were about 5 to 155 rusted after one (1) hour. The stainless steel panels #302 and #310 were without rust after 500 hours. The #321 panels showed initial rust after 161 hours. After 500 hours these latter panels were from 15 to 20% rusted.
Set 3, Blackened with Compound B. The mild steel panels, 1020, were from 10 to 15% rusted after one (1) hour. The stainless steel panels #302 and #310 were without rust after 500 hours. The #321 panels showed initial rust after 141 hours of exposure. After 237 hours exposure the panels were from 20 to 25V rusted.
In the previous test shown on Figures 2, 3, and 4 , proprietary Compound B coated on series #302, #310 and #321, previously cleaned in an alkaline-derust solution, passed 160 hours in the salt spray test, whereas, Compound A failed in one (1) hour. The revised formulation, Compound A-1, was equally as affective as Compound B when tested as above on freshly abraded panels.
DISCUSSION
Sandblasted mild steel panels and MI gas cylinders, subjected to the various blackening processes have been shown to exhibit poor corrosion resistance in the salt spray test. No alkaline-oxidizing process afforded more -than one-half to one hour protection -on the mild steel panels. The electrodeposited black chromium process afforded the best protection on the mild steel panels and the MI gas cylinders.
It was shown that the proprietary blackening compounds A and B blackened the #302, #310 and the #321 stainless steel panels; whereas, the alkaline-chromate process of Class 2 did not. It did, however, blacken the Ml gas cylinders of corrosion resistant steel #410. In lieu of the Class 2 process, the fuzed salt oxidizing process is recommended to blacken the 300 and 400 series steels; however, because this process operates at 760 0 F.. only items that can be heated to this temperature rithout damage may be blackened. Furthermore, the coating has poor resistance to corrosion. Since this process is conducted at high temperature with inherent hazards, the Class 4 proprietary blackening process was proposed. This low temperature process is much more applicable to industrial applications.
The protection afforded by the Class 4 proprietary coatings on the 300 series stainless steels is superior in resistance to corrosion to the Class 3 molten dichromate process.
On the 302 and 310 series stainless steels the Class 4 coatings were superior in their revistance to corrosion in comparison with the controls.
On the 321 series stainless steels the uncoated panels were more resistant to corrosion than the coated panels. The resistance to corrosion was 500 hours against 165 hours. It has been shown that initial cleaning, activation, and passivation of the surfaces affects the protection that can be attained. The alkalinederust solution with periodic reversal of the current removed the superficial rust and the more soluble material from the panels and the gas cylinders. Activation of the surface by acids, or acid salts, tends to etch the surface lightly, effects removal of the surface contaminants, and makes the surface more receptive to the alkaline-oxidizing process. Passivation of the surface in a nitric acidsodium dichromate solution tends to remove the more corrodable elements and leave the less corrodable material. However, where inclusions of mild steel are heterogeniously distributed in the surface, pitting can be noted in the salt spray test.
The protection afforded by the Class 4 compounds is dependent on the cleaning and preparation of the basis metal prior to the application of the oxide coatings.
When corrosion products from a corroding area runs down over an uncorroded area, corrosion to that second area is accelerated.
In this work it was found that physical abrading of the surface of 300 series stainless steel panels with #150 and #240 grit aluminum oxide, and subsequently cleaned in trichloroethylene, provided a clean surface that was capable of withstanding over 500 hours of salt spray exposure. Proprietary coatings applied to this surface were found to provide protection over a similar period of time.
it is known that the primary purpose of the black oxide coating is to blacken steel for decorative purposes.
This work was performed with the thought in mind that it would be best to obtain a black coating which did not harm the basis metal. The low temperature Class 4 process was proposed to be used in place of the present Class 3 molten dichromate process. The Class 3 process produces a black coating which affords poor resistance to corrosion for the basis metal. The high operating temperature limits application to items which will not be metallurgically damaged.
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